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We are developing a low energy, microscopically focused, pulsed positron beam for
defect analysis by positron lifetime spectroscopy to provide a new defect analysis
capability at the 10'° e's™ beam at the Lawrence Livermore National Laboratory electron
linac.  When completed, the pulsed positron microprobe will enable defect specific, 3-
dimensional maps of defect concentrations with sub-micron resolution of defect location.
By coupling these data with first principles calculations of defect specific positron
lifetimes and positron implantation profiles we will both map the identity and
concentration of defect distributions.

Introduction

Positron annihilation lifetime spectroscopy is a valuable tool for determining the size
and concentration of defects in metallic, semiconductor and insulating systems.
Characteristic positron lifetime values provide detailed information about defect
structure.  The location where this spectrographic information is obtained is defined by
the annihilation site of the positron. = By controlling the implantation location and
energy of a pulsed, microscopically focused positron beam we will perform positron
annihilation lifetime spectroscopy to determine defect concentration and size over spatial

volumes of 0.025 mm’,

3-Dimensional mapping of defects requires several separate qualities for the positron
beam. 3-D spatial sensitivity requires a highly focused, < 1 micron final spot size, and
variable, 1-50, keV positron energy. Maximum implantation depths for these energies
range from 1 to 10 microns depending on sample density. = The location of buried
features can be located with high precision by sweeping the energy and location of the
positron beam in small steps. The size and concentration of the defect species at the end
of the positron range are then determined by positron annihilation lifetime spectroscopy
measurements which are correlated to defect size through validated theoretical
calculations.  To perform positron annihilation lifetime spectroscopy requires pulsing
the focused beam with a pulse duration less than 100 ps. To obtain high counting rates
our positron pulsing rate will be 20 MHz and multiple detectors will be used for the
annihilation gamma rays.

Microprobe

Many of the beam characteristics described above have been obtained in separate
systems [1-3] and a design for an efficient, low source strength microprobe has been
reported [4]. The LLNL microprobe design integrates new features with those of the
published designs to achieve a beam system with improved efficiency and pulse
duration. A schematic of the elements of this system is shown in Fig. 1.



In an optical system the overall brightness of the beam limits the final conditions of
focus or pulse duration. This limitation has been defeated in positron optical transport
systems by resetting the initial conditions through thermalization in one or more
intermediate steps at which new initial conditions are established. This brightness
enhancement technique produces highly focused beams with high transmission
efficiency. The energy spread of the beam is a second critical parameter for pulsing
systems. The ultimate time compression of a pulse is limited only by time of flight
spreading from the energy distribution.

The initial linac beam consists of bright pulses of high intensity and short
duration. The first step of the 3 dimensional scanning pulsed positron microprobe will
be to trade the short time duration for narrow energy. The initial high current linac

beam has an energy width of 4 eV in 3 us pulses at 300 Hz. This beam is transported in a
magnetic field to a penning trap pulse stretcher which is the first element of the
microprobe. We will trap the positron pulses and slowly raise the trap voltage so that
the highest energy positrons will spill over a fixed voltage barrier. The stretcher will

convert the 4 eV, 3 s beam pulse into a ~20 meV, 300 ms beam pulse with average
energy set by the endcap voltage. This provides a significantly reduced energy
distribution for input to the first pulsing electrodes and makes it practical to benefit from
an ideal pulsing shape generated by a fast programmable Tektronix AWG2041 waveform
generator to obtain high efficiency, sub nanosecond pulses in a single stage. This pulsed

1y o
—— Third moderator
Linac LU.‘J 50 um, 100 ps,
High current positron beam . 20 MHz, 2 108 e+s-1
1.5¢cm, 11010 g+s-1 P
Prebuncher Chopper and buncher 7,
X | / : : First moderator
1 |
3mm, 600 ps i
. |} / v ] ps, i
e*pulse stretcher Switch Yard . 4 \ 20 MHz, 5 109 e+s-1 |
to other ’ i
experiments Fine tuning
Buncher
” Second moderator //x/ Sample position W
400 um ’ g = <1 um, 100 ps,
| (20 MHz, >1107 ets'1 |
—— i . >
N Final focus magnet
g — B

Figure 3 Schematic of the main elements of the 3-D pulsed positron microbeam system. The final beam of
more than 10 e's™ will be less than 1 micron diameter and 1 to 50 keV. Beam position will be scanned in the
lateral dimensions by piezoelectric sample motion and scanned in depth by energy variation to provide a 3-
dimensional map of defect concentrations and size.



beam will then be accelerated to 3 keV and extracted from the magnetic field of the
penning trap after an abrupt termination of the magnetic field. After extraction the
beam will be accelerated and electrostatically focused on the first brightness enhancement
moderator. It will also be possible to divert the beam to other experiments at this
location. The beam incident on the first remoderator is expected to be 3 mm in
diameter and have 5 10° e*s™ in 600 ps pulses at 20 MHz. ~ We are now testing the
operation of the penning trap stretcher, first pulsing section and magnetic filed
extraction.

Farther stages of focusing and pulsing includes a resonant buncher driven by a Rohde
& Schwartz SMT02 sine wave generator to complete the pulse compression to 100 ps and

to focus the beam on a final remoderator.  The beam at the source of the microprobe
column will be 50 micron diameter and 2 10° e's™.  Following the final remoderator is a
final stage similar to published designs [5] with variable acceleration and focusing to a
one micron beam spot to reach the final beam characteristics of >10107 e*s? , 1-50 keV, 20
MHz, 100 ps. Lifetime spectra will be obtained in an array of BaF, detectors opperated in
coincidence to supress backgrounds from scattered positrons at the sample.
Contributions from annihilations at the re-moderator crystals and other sites will be
separated in time to arrive at the detectors 20 ns before the arrival time of the positrons
on the sample.

When completed we anticipate using the 3D scanning defect microprobe to study defect
distributions in metals and alloys, in homogenous systems such as semiconductor
devices, and in thin film and composite polymeric materials. =~ With the microprobe we
will determine the spatial defect distributions in 3 dimensions near microscopic features
such as grain boundaries, cracks, precipitates, and buried interfaces.

We wish to thank Drs. W. Triftshduser, G. Kogel, P. Sperr, and D.T. Suzuki for their
valuable conversations on beam pulsing and focusing. This work was performed under
the auspices of the US Department of Energy by LLNL under contract No. W-7405-ENG-
48.
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